C HOLELITHIASIS, OR GALLstone disease, is estimated to affect between 10% and 15% of the US population, with 1 million new diagnoses yearly. 1 Symptoms arise in about one third of individuals with gallstones, with about 80% of symptomatic patients experiencing biliary colic. 2 Furthermore, cholecystitis usually arises from obstruction in the cystic duct due to gallstones. 3 Cholecystectomy procedures can be a good proxy indicator for symptomatic gallstone disease in clinical research. 4 In 2002, there were 432000 inpatient cholecystectomies performed, 5 and the estimated total number of cholecystectomies, including laparoscopic procedures, numbered as high as 770000 in 1996, 6 which has been associated with an expense of more than $2 billion annually. 7 Gallstone formation is thought to rely on 3 factors: supersaturation of biliary cholesterol due to hepatic hypersecretion, nucleation of cholesterol monohydrate crystals, and gallbladder hypomotility. 7, 8 The liver has estrogen receptors, and the presence of endogenous estrogens causes cholesterol saturation in the bile, inhibition of chenodeoxycholic acid secretion, and increased cholic acid content. 9 Progestins inhibit gallbladder contraction, encourage bile stasis, and have been shown to decrease the gallbladder's response to cholecystokinin. 9 One study found that exogenous estrogens, given either transdermally or orally, affected physiologic markers in a pattern that favored gallstone formation. 10 Observational evidence suggests that estrogen therapy, including the use of oral contraception and postmenopausal estrogen therapy, is an impor-tant risk factor for gallbladder disease. 8 Observational studies indicate up to a 2.5-fold increased risk of biliary tract conditions related to estrogen therapy. [11] [12] [13] [14] [15] [16] To our knowledge, the only previous randomized trial examining biliary tract outcomes after estrogen therapy in postmenopausal women was the Heart and Estrogen/progestin Replacement Study (HERS), which included women with known cardiovascular disease. HERS data revealed a 38% increased risk for biliary tract surgery in the estrogen therapy group. 4 Thus, limited clinical trial evidence is available to provide unbiased estimates of the true effects and risks of estrogen therapy in postmenopausal women.
The Women's Health Initiative (WHI) postmenopausal hormone trial consisted of 2 randomized components, in which women with hysterectomy were randomized to receive estrogen alone or placebo, and those without hysterectomy received either a combination of estrogen and progestin (E+P)or placebo. 17 The major findings of these trials have been previously reported. 18, 19 Together, these trials represent the largest randomized, double-blind study of hormone use in postmenopausal women, and offer the most reliable and current documentation of the full risk/benefit profile of the use of hormone therapy in postmenopausal women. This report provides new evidence on the effect of estrogen therapy, with or without progestin, on gallbladder disease incidence and gallbladder surgical outcomes.
METHODS

Participants
This presentation is based on information from the estrogen therapy portions of the WHI clinical trials, although 29% were simultaneously enrolled in the dietary modification arm and 59% in the calcium/vitamin D arm of this complex trial. A detailed discussion of the methods of the WHI trials and the principal findings of this trial are available elsewhere. 19, 20 Women were recruited into the trial at 40 clinical centers, largely via direct mail. Participants (n = 22579 community-dwelling women) were aged 50 to 79 years at the initial screening visit and they provided written informed consent. The National Institutes of Health and institutional review boards for all participating institutions approved the WHI protocols and consent forms. The screening and enrollment algorithm is shown in FIGURE 1.
Women were excluded if they had any illness that suggested less than a 3-year survival, had a prior cholecystectomy or gallbladder disease, had a contraindication to using the study medications, or were deemed to be at risk of poor medication adherence. Women with hysterectomy were eligible for the estrogen-alone trial, but women without hysterectomy were eligible for the E+P trial due to the concerns about risk of endometrial cancer. Eligible participants were randomized in equal proportions to receive estrogen therapy or placebo using computers and a stratified permuted block algorithm. 20, 21 Women in the estrogen alone arm received either placebo or 0.625 mg/d of conjugated equine estrogens (CEE) (Premarin; Wyeth, Philadelphia, Pa) using blinded dispensing. Women in the E+P trial received either placebo or 0.625 mg/d of CEE plus 2.5 mg/d of medroxyprogesterone acetate, administered as a single tablet (Prempro; Wyeth).
Reductions in dosage or frequency were permitted in order to alleviate unacceptable adverse effects, although dosage alterations were generally conducted without unblinding the patients or study gynecologists. In some cases, an unblinding officer provided the clinic gynecologist with the treatment assignment if it was needed due to safety or symptom management. Although the amount of unblinding that may have occurred with the participants is unmeasured, the clinic gynecologists were unblinded at rates of 1.9% and 1.5% for the assigned treatment and placebo groups for the CEE trial, and 40.5% and 6.8% for the E + P trial. Clinic gynecologists were not involved in the assessment of outcomes. Study participants were contacted by telephone 6 weeks after randomization to assess symptoms and to reinforce adherence. Follow-up for clinical events was undertaken every 6 months with a mandatory clinic visit annually. At each semiannual contact, standardized information on specific symptoms and safety concerns, as well as major health events, was collected. As described in detail, the E+P trial was discontinued after a recommendation from the data and safety monitoring board concluded that the overall harms outweighed the benefits of receiving E+P. The original publication of global findings from the estrogen-alone trial described the results for 5310 women in the CEE group and 5429 in the placebo group. 18 The original publication of the E+P trial reported the findings of 8506 women receiving E+P and 8102 receiving placebo. 19 This total population from both hormone studies comprise the analytic groups for this report, except that those reporting a history of gallbladder disease or cholecystectomy at entry were eliminated from the analyses, resulting in the exclusion of 1169 women in the CEE group and 1194 in the placebo group for the estrogen-alone trial, as well as 1198 women in the active hormone arm and 1207 in the placebo arm of the E+P trial.
At baseline, an extensive history was collected in a standardized fashion using self-administered forms, interviews, and clinical examinations. Weight and height were measured using a calibrated balance beam scale and a wallmounted stadiometer. Body mass index (BMI) was calculated as weight in kilograms divided by the square of height in meters. Race and ethnicity were self-reported using predefined categories and were used to explore for treatment effect differences in subgroup analyses. Other baseline variables, including clinical, demographic, social, and behavioral characteristics, were obtained from self-administered, structured questionnaires.
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Main Outcome Measures
Gallbladder and gallstone disease outcomes were directly reported by the participants in the semiannual safety monitoring questionnaire. When participants noted any of these outcomes, medical and hospital records were obtained with participant consent. Completion rates for clinical record acquisition and adjudication were estimated overall to be about 96%. Outcomes used in this analysis were taken from International Classification of Diseases-Ninth Revision and Current Procedural Terminology codes. A global outcome for surgical procedures was constructed to include all gallbladder and biliary tract procedures except diagnostic procedures and those that were solely related to the pancreas; this category included Current Procedural Terminology codes (51.0-51.04, 51.2-51.81 and 51.84-51.99). The vast majority of the procedures were cholecystectomies. Similarly, a global disease index was constructed using International Classification of Diseases-Ninth Revision codes from medical and hospital records that included all designations of acute or chronic gallbladder inflammation (574.0-574.2, 574.3-574.41, 574.6-574.81, and 575.0-575.12) and all gallbladder or biliary tract stone disease (codes 574-574.91). In most instances, participants with a disease code also had a procedural code. In all of the analyses presented here, an individual in an outcome category is only counted once, regardless of the number of related codes present.
Statistical Analyses
This study was a secondary analysis of a large trial designed and sufficiently powered to detect clinically relevant changes in the primary outcomes of coronary heart disease, hip fracture, and breast cancer, but the study was not powered for gallbladder outcomes, as these were not the primary end points for the study. Associations between baseline variables and randomization assignment were assessed using P values from 2 tests for categorical variables and 2-sample t tests for continuous variables. All statistical analyses were conducted using SAS statistical software version 9.0 (SAS Institute Inc, Cary, NC). All outcomes analyses used time-to-event methods and were based on the intention-to-treat principle; all tests used a .05 level of significance. Outcome comparisons are presented as hazard ratios (HRs) and nominal 95% confidence intervals (CIs) from Cox proportional hazards models, stratified by age, and by the dietary modification and/or calcium/vitamin D trial randomization arm. Since calcium/ vitamin D participants were randomized to the calcium/vitamin D trial 1-2 years after randomization in the hormone program, adjustment for calcium/ vitamin D trial participants used the calcium/vitamin D randomization date as the only time-dependent covariate in the main analyses. The proportionality assumption was tested by including a timeϫ treatment interaction term in the Cox model, in addition to the treatment indicator. No adjustments were made for multiple tests over time, as this adjustment would be too conservative; however, we included a Bonferroni-adjusted 95% CI for multiple end points. We calculated the number needed to harm as the reciprocal of the absolute risk difference between taking the active drug and control.
Kaplan-Meier plots describe gallbladder disease and procedure event rates over time. Sensitivity analyses examining the effect of nonadherence were conducted by repeating these analyses after censoring events occurring 6 months after a participant became nonadherent (prospectively defined for adherence monitoring purposes as consuming Ͻ 80% of study pills as determined by pill count or starting non-study prescribed hormone therapy during the most recent 6-month study interval). Therefore, a treatment indicator was used in the sensitivity analysis as a time-dependent variable.
Potential effect modification with participant baseline characteristics including recognized gallbladder disease risk factors was assessed in expanded proportional hazards models that included the designated risk factor and randomization assignment as main effects and the interaction between them. P values for possible interactions were computed from likelihood ratio tests, comparing models with and without the interaction term. Women with missing values for the risk factors in a given analysis were excluded from the analysis. Subgroup comparisons were tested for potential effect modification including age, BMI, physical activity, prior hormone or aspirin use, non-aspirin analgesics use (including nonsteroidal antiinflammatory medicines), or cholesterollowering statins at baseline. Additionally, race/ethnicity subgroups were examined without statistical testing due to small numbers in some categories. As a result, less than 1 of the 7 tests for both the CEE trial and the E+P trial would be expected to be significant at the .05 level by chance alone.
RESULTS
Baseline characteristics for the entire study cohort were presented elsewhere. 17, 19 A total of 22579 women were analyzed, 8376 in the CEE arm and 14203 in the E+P arm. The proportion of women who were excluded from the analysis based on history of a cholecystectomy was higher for the CEE trial compared with the E+P trial (22.0% vs 18 with comparable adherence between the CEE and the placebo group (57% each). As the E+P trial was halted early on July 7, 2002, the mean length of follow-up in this analysis was 5.6 years for participants who received placebo and 5.7 years for participants who received the as- Abbreviations: BMI indicates body mass index, calculated as weight in kilograms divided by the square of height in meters; CEE, conjugated equine estrogens; E + P, estrogen plus progestin. *Subgroup totals may not sum to number randomized because of missing data. †Means tested on the log scale. ‡A 3-month washout period was required prior to randomization. §Includes use of acetaminophen, ibuprofen, and other anti-inflammatory medications, but does not include aspirin.
signed treatment, with a maximum of 8.6 years at the time of trial closure (TABLE 2). Forty-two percent of those randomized to E+P and 38% of those randomized to placebo were noncompliant at some time during the follow-up period.
For the CEE trial, the annual incidence rate for any gallbladder event (cholecystitis, cholelithiasis, or cholecystectomy) was 78 per 10000 personyears for the CEE group compared with 47 per 10,000 person-years for the placebo group ( Table 2 ). The observed annual incidence rate of any gallbladder event was 55 per 10 000 person-years for the E+P group, compared with 35 per 10 000 person-years for the placebo group ( 20) . There was a suggestion of an increased HR with increasing age in the CEE trial (P =.06); however, this association was not seen in the E+P trial.
The Kaplan-Meier estimates of cumulative hazards of any gallbladder procedure, any gallbladder disease event, and the global gallbladder disease or procedure measure showed a divergence starting in the first year of randomization, with CEE separating earlier (FIGURE 2 and FIGURE 3) . Bonferroni-adjusted CIs were calculated to adjust for having multiple end points in the study, resulting in a 95% Bonferroni-adjusted CI, 1.26-2.21 for the global gallbladder procedures and diseases; a 95% Bonferroni-adjusted CI, 1.33-2.49 for global gallbladder procedures only; and a 95% Bonferroniadjusted CI, 1.34-2.39 for global gallbladder diseases for the CEE trial. For the E+P trial, the results were a 95% Bonferroni-adjusted CI, 1.19-2.13 for the global gallbladder procedures and diseases, 95% Bonferroni-adjusted CI, 1.19-2.24 for global gallbladder procedures only, and 95% Bonferroniadjusted CI, 1.20-2.17 for global gallbladder diseases for the E+P trial. When women were censored 6 months after they became nonadherent to randomization assignment in the sensitivity analysis, the resultant HR for the global gallbladder procedures and diseases outcome was 2.19 (nominal 95% CI, 1.65-2.90; PϽ.001) for the CEE trial ( Figure 2D ), and (HR, 2.24; nominal 95% CI, 1.71-2.92; P Ͻ .001) for the E+P trial ( Figure 3D ).
COMMENT
These WHI findings demonstrate, for the first time in a randomized, doubleblind trial, in otherwise healthy postmenopausal women, that the risk of adverse biliary tract outcomes was substantially increased by estrogen alone or E+P, and the HRs for gallbladder events were similar in the 2 arms. These findings suggest that oral estrogens are causally associated with gallbladder dis- Abbreviations: CEE indicates conjugated equine estrogens; E + P, estrogen plus progestin; CI, 95% confidence intervals; HR, hazard ratios. *P values from Cox proportional hazards analyses stratified by age and randomization status in the Women's Health Initiative Dietary Modification and Calcium and Vitamin D trials. †Events include the first of any diagnosis of gallbladder disease including cholecystitis or calculi, as well as biliary tract procedures, including cholecystectomy.
EFFECT OF ESTROGEN THERAPY ON GALLBLADDER DISEASE
©2005 American Medical Association. All rights reserved. eases, and the magnitude of the effect is not influenced greatly by the presence or absence of progestins. These findings are in the same direction, but of a greater magnitude, than the findings of the HERS, the only other large randomized controlled trial of this therapy, which showed a 38% increase in hospitalizations for gallbladder disease over 4.2 years follow-up among women with known cardiovascular disease at entry. 4 Biliary tract surgery was more common in HERS participants, although, with 7% of those randomized to the E+P arm having surgery vs 5% of the placebo group, and the effect of E+P appeared to diminish over time. The findings of the present study suggest that the risk continues to increase with longer exposure to E+P.
Estrogens appear to influence several key steps in gallstone formation. One study of postmenopausal women found that exogenous CEEs given orally, or estradiol given transdermally, decreased nucleation time in vitro, increased cholesterol saturation index, and increased biliary arachidonate and prostaglandin E 2 levels. 10 The authors asserted that this pattern of findings resulted in both an increased propensity to form cholesterol crystals and an excess saturation of biliary cholesterol, 10 which along with hypomotility of the gallbladder are thought to be key requirements for gallstone formation. 7, 8 The effect of estrogen therapy has also been studied in men who received exogenous estrogens. In an au- topsy study of men randomized to estrogen therapy for the treatment of prostate cancer, the rate of cholecystectomy was higher, but the prevalence of cholelithiasis among estrogen users was lower at time of death. 22 Prior observational studies have explored the role of estrogen therapy in gallbladder disease, dating as far back as 1974. 23 The Nurses' Health Study found an increased risk of cholecystitis among participants taking exogenous estrogens, with a relative risk of 2.1 for current hormone users, with higher risks associated with longer duration of use and greater doses. 11 The Atherosclerosis Risk in Communities study group found that former and current hormone users had a significantly increased risk of hospitalized gallbladder disease (relative risk, 1.76 for current users and 1.84 for former users), and this effect persisted in multivariate models including age, race, and BMI. 13 Mamdani et al found that Canadian women who recently started using estrogen therapy had a 1.9 age-adjusted relative risk for cholecystectomy.
14 However, not all studies have found increased risk for gallstone disease. One small casecontrol study of 200 women found no significant excess odds for gallstone surgery among women using estrogen. 15 A cross-sectional study of 1765 Danish women reported an association between estrogen therapy and gallstones detected by ultrasound, but this association did not persist in multivariate analyses. CI indicates confidence interval; E + P, estrogen plus progestin; HR, hazard ratio. Procedure (A) or disease (B) among women receiving E + P or placebo. Any gallbladder disease or procedure during follow-up was used to comprise a global index (C). A sensitivity analysis was conducted with censoring occurring at 6 months after nonadherence with randomization assignment (D).
©2005 American Medical Association. All rights reserved. The WHI study results provide strong evidence of a causal association between estrogen therapy and gallstone disease because randomized trials are the best study design to provide unbiased estimates of effect. Nonetheless, some limitations of the study should be acknowledged. The generalizability of these findings is limited to mostly healthy postmenopausal women who took part in the WHI, and who were selected for willingness to comply with the treatment regimen. Thus, a "healthy volunteer" effect may explain the low overall rate of gallbladder disease in this study compared with other studies, although the randomized design verifies the internal validity of the effects of CEE and E+P in this study. The exclusion of women with reported disease at baseline was conducted post hoc, although the numbers were comparable between the randomized groups. Also, the baseline prevalence of disease was significantly higher among the women with hysterectomy (22% vs 14% of women without hysterectomy), and the incidence rates remained higher in the women with hysterectomy throughout the follow-up period. Changes in BMI may also have an effect on gallbladder outcomes, as both obesity and rapid weight loss are thought to contribute to gallstone formation, and estrogen therapy and a history of hysterectomy are associated with greater BMI. In this analysis, we conducted a subgroup analysis to test for differences in treatment effect depending on baseline BMI and found no significant interaction. However, we did not adjust for changes in BMI while using the study medication, because weight change may be part of the causal pathway between estrogen therapy and gallbladder disease.
Another potential source of bias could result from differential noncompliance to the study drug, if adverse effects in the treatment groups were more likely than among the placebo group. This problem is unlikely to strongly influence the results because the noncompliance rates were similar between the active hormone and the placebo users for both trials and the statistical analysis was performed within an intentionto-treat framework. When participants were censored at 6 months after noncompliance in the sensitivity analysis, the estimated effects of the active hormones were increased on gallbladder disease outcomes due to the reduction in "crossover" or misclassification between the groups.
Ascertainment bias may be a threat to the findings, if estrogen users in both trials were more likely to have diagnostic suspicion of gallbladder disease when compatible symptoms emerged. We cannot fully rule this out, but think it is unlikely for several reasons. First, our trial findings are consistent with prior observational data. Also, the blinding appeared to work well across the trial until vaginal bleeding caused by the active drug supervened in some participants, who then may have been unblinded. The unblinding rates for the clinical gynecologists were higher for the active hormones in both trials, although the E + P trial had a substantially higher unblinding rate. However, the clinic gynecologists were not involved in the assessment of outcomes. It was not possible to determine the proportion of participants who were indirectly unblinded based on their perceptions of randomization status. We believe that vaginal bleeding would not lead to enhanced surveillance for gallbladder disease. In instances where symptoms may have caused study drug discontinuation, the results would have been biased toward the null hypothesis. The sensitivity analysis, which censored individuals after 6 months after study drug noncompliance, revealed an increased risk of the outcome among estrogen therapy users. Also, the primary trial findings for E+P showed that some conditions were less commonly found in the treatment group, including colon cancer. We feel that these findings argue against biases from differential unblinding and ascertainment.
Finally, the findings for this study cannot necessarily be extrapolated to other types of estrogen therapy and other routes of administration. Further study is needed to help determine if transdermal administration of estrogen therapy has the same effect on biliary tract outcomes, since the first pass effect would be lessened.
In summary, this large randomized trial showed an important increase in gallbladder disease and surgical procedures among women who were randomized to using either oral CEE or E + P. Among women with hysterectomy, CEE contributed to 78 events per 10 000 person-years, which is 31 excess events per 10 000 women annually. In the E + P trial, there were 55 events per 10000 person-years, which is an excess of 20 events per 10 000 women annually. The number needed to harm, which is the number of women who would undergo the interventions in 1 year in order to cause 1 excess adverse gallbladder outcome, were calculated to be 323 for CEE and 500 for the E+P arms. The women in this study were not selected to have preexisting cardiovascular disease as was the case in the HERS, and were geographically dispersed across 40 clinical sites. Therefore, these results should be more generalizable to healthy postmenopausal women in the United States without previous gallbladder disease and less likely to be biased than observational study cohort data. The increased risk for gallbladder events should be addressed in the decision-making process for women considering menopausal hormone therapy.
